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(57) ABSTRACT 
A dermatological laser apparatus for irradiating human 
tissue with optical pulses includes a laser source (2) pro 
ducing an optical output, a pulse shaper (4) coupled to the 
laser source for converting the optical output into optical 
pulses having desired shapes, and an optical delivery tool (8) 
coupled to the pulse shaper for applying the optical pulses 
sequentially to a multiplicity of sites on the human tissue 
with consecutively irradiated sites being non-adjacent. 

31 

DODE 
LASER 

LASER 
SOURCE 

44 

42 5. 52 53 

43 54 

OPTICAL b OPTICAL e 

MODULATOR AMPFER C 

w A 

WAVE FORM 
GENERATOR BEAM 

DUMP ASER 

DC BAS CONTROLLER L L 
55 56 

PC 46 
AMPLFICATION 

t STAGE 

PULSE 
GENERATOR 50 

40 

  



Patent Application Publication Aug. 2, 2007 Sheet 1 of 8 US 2007/017948.0 A1 

LASER SOURCE 

TEMPORAL 
SHAPING 
SYSTEM 

ENERGY 
DELIVERY 
TOOL 

    

    

    

  

  

  

  

  



Patent Application Publication Aug. 2, 2007 Sheet 2 of 8 US 2007/0179480 A1 

Power 

Time 

Fig. 2 





US 2007/0179480 A1 

11 

N 
10 

1 

Patent Application Publication Aug. 2, 2007 Sheet 4 of 8 

4 

Fig. 4 

Fig. 5 

  



Patent Application Publication Aug. 2, 2007 Sheet 5 of 8 US 2007/0179480 A1 

21 21 

Fig. 6 

  





Patent Application Publication Aug. 2, 2007 Sheet 7 of 8 US 2007/017948.0 A1 

CO 

So 
N 

E SN 



US 2007/0179480 A1 

JÐMOCH 

Patent Application Publication Aug. 2, 2007 Sheet 8 of 8 

  



US 2007/017948.0 A1 

DERMATOLOGICAL LASER SYSTEM 

FIELD OF THE INVENTION 

0001. The present invention relates to laser pulse genera 
tion, and particularly to spatially and temporally shaped 
laser pulses, having pre-designed temporal shapes and two 
dimensional random walk spatial shapes, effective for skin 
resurfacing and dermatology in general, and the system for 
generating of these. 

BACKGROUND OF THE INVENTION 

0002 Lasers have many useful applications to the treat 
ment of surfaces, in the industrial field as well as in the 
medical field. Lasers have become valuable medical instru 
ments to treat various kinds of dermatological conditions 
(e.g. a book edited by M. P. Goldman and R. E. Fitzpatrick 
entitled “Cutaneous Laser Surgery” published in 1999 by 
Mosby; or a book by R. E. Fitzpatrick and M. P. Goldman 
entitled “Cosmetic Laser Surgery” published in 2000 by 
Mosby). Current medical laser devices and methods include 
a laser system to generate a specific wavelength tailored to 
a particular dermatological application (See, e.g., U.S. Pat. 
No. 5,336,217 to Buys; U.S. Pat. No. 5,964,749 to Eck 
house; U.S. Pat. No. 6,120,497 to Anderson; or U.S. Pat. No. 
6.273,885 to Koop). Or multi-color, multi-laser source, 
aimed at more applications in one multi-laser instrument 
(see e.g. U.S. Pat. No. 20040,082,940 to Black, Michael et 
al.). 
0003. Although the current devices and methods may 
work well for their intended purposes, they pose some 
drawbacks. For instance, with today’s demand and wide 
variety of different dermatological applications, there is a 
strong desire to develop more versatile devices that can 
handle various kinds of dermatological applications rather 
than a single device tailored for a particular application, 
particularly if one can use the same laser, and change only 
the laser parameters, such as the temporal pulse shape, to 
serve the different needs. Furthermore, laser treatment may 
develop unwanted damage of non-targeted tissue, particu 
larly the targeted tissue is subcutaneous. (For an overview of 
laser-tissue interaction, refer to, for instance, the paper by R. 
R. Anderson and E. V. Ross entitled “Laser-Tissue Interac 
tions’ in the book edited by R. E. Fitzpatrick and M. P. 
Goldman entitled “Cosmetic Laser Surgery,’ published in 
2000 by Mosby, pp. 1-30). Some of the current devices and 
methods have attempted to overcome this negative effect by 
including a cooling device to cool down the non-targeted 
tissue (usually the skin) and thereby minimize the heat 
development and damage to that tissue (see, e.g. U.S. Pat. 
No. 5,964,749 to Eckhouse; U.S. Pat. No. 6,120,497 to 
Anderson; or U.S. Pat. No. 6,273,885 to Koop). However, 
Such cooling devices add complexity and do not necessarily 
guarantee the anticipated cooling and reduced damage to 
non-targeted tissue, because the amount of cooling and the 
effect of the cooling device are unknown. Temporal pulse 
shaping may enable the reduction of total energy delivered 
to a spatial location, thus reducing the damage to non 
targeted tissues and reducing or avoiding the need for active 
cooling. 
0004. Accordingly, there is a need to develop new der 
matological devices and methods that provide versatility and 
flexibility. There is a further need to develop devices and 
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methods that are not dependent on coolant devices and to 
minimize non-targeted tissue damage. 

SUMMARY OF THE INVENTION 

0005. In one embodiment, the present invention is 
directed to a dermatological laser apparatus that may be used 
to treat a wide variety of problems, and conditions associ 
ated with the skin. This dermatological laser apparatus may 
comprise a laser light source having the ability to generate 
various temporal pulses in the same laser, where each pulse 
shape is optimized for a different treatment. The optimal 
temporal shape of the pulse is of importance when the 
processes occurring during the pulse are thermal or ablative 
and the pulse shape determines the temperature distribution 
and the spatial location of the ablated or heated tissue, in 
time and space, on the Surface of or within, the skin of a 
patient. Systems and methods for Supplying high power, 
flexible, reconfigurable temporal laser pulse shaping for 
pulse durations of 10' to 10° seconds are provided. 
0006. In another embodiment, a dermatological laser 
system may be used to treat tissue, using a two-dimensional 
random walk, or other random processes, for the selection of 
treatment points that are addressed in a temporal sequence, 
one after another, by delivering a pulse or a train of pulses 
to one spatial point at one time point and Switching to the 
next spatial point using a temporal and spatial Switch. This 
two-dimensional random walk or random point selection has 
two added rules, executed by its software, controlling the 
switch. The first rule avoids the irradiation of an already 
treated point, by avoiding multiple irradiation of the same 
point. The second rule avoids the immediate Surroundings of 
a just treated point when continuing to the next treated point, 
by not irradiating points adjacent a just treated point. Return 
ing to treat the immediate Surrounding, or the adjacent points 
of a just treated point, is executed after a time lag, in 
Subsequent steps, thus allowing the treated point to cool 
down by conduction of heat to its cooler Surrounding tissue. 
This method of delivery reduces the maximum laser power 
needed for the treatment, to the power needed for one point 
only, and enables the use of a low power laser as a treatment 
tool. More importantly, this method minimizes and reduces 
the heating of the adjacent or Surrounding healthy tissues of 
the treated point, avoiding the problem of heat flow from 
many directions, that exists when a closely packed multi 
plicity of irradiated points are irradiated simultaneously. 
This method exposes the healthy tissue to less heat load, thus 
encouraging tissue re-growth. This method may eliminate 
the need for external cooling of the treated tissue 
0007 One embodiment of the invention controls the 
spatial density of treated points, when using the two-dimen 
sional random walk or random selection of treatment points, 
and allows selection of the maximum allowed number of 
points per unit area for a given treatment, by controlling the 
time and repetition rate, or the number of random steps, or 
points, per unit area. This also allows graceful reduction of 
spot concentration at the boundary of a treated area con 
taining the spots, leading to a graceful, gradual, change from 
treated to non-treated area 

0008 One specific embodiment of the invention uses an 
optical fiber delivery system to deliver the energy through a 
narrow neck in the external tissue, having dimensions simi 
lar to the fiber core size, thus leaving parts of the tissue 
totally undamaged to encourage tissue re-growth. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

0009 Certain preferred embodiments of the invention 
will now be described with reference to the following 
illustrative figures. It is stressed that the particulars shown 
are by way of example and for purposes of illustrative 
discussion of certain embodiments of the present invention 
only. 

0010) 
0011 FIG. 1 is a block diagram of a dermatological laser 
system in accordance with one embodiment of the present 
invention; 

In the drawings: 

0012 FIG. 2 is a graphic representation of a temporal 
pulse shape of 
0013 FIGS. 3a and 3b are schematic representations of a 
two-dimensional random walk 

0014 FIG. 4 is a schematic representation of an opti 
mized energy delivery device; 
0.015 FIG. 5 is a schematic representation of an opti 
mized energy delivery device having a lenticular end; 
0016 FIG. 6 is a schematic representation of an example 
of an energy delivery tool; 
0017 FIG. 7 is a schematic representation of a flexible, 
reconfigurable temporal laser pulse generating and shaping 
system; 

0018 FIG. 8 is a graphic representation of pulse shapes 
at various points; and 
0.019 FIG. 9 is a graphic illustration of the null point 
operation of the MZ modulator. 

DETAILED DESCRIPTION OF THE 
ILLUSTRATED EMBODIMENTS 

0020 Referring now to FIG. 1, a laser source 1, e.g., an 
Erbium-Glass laser, delivers a laser beam through an optical 
fiber 2 to a temporal shaping system 3 containing a flexible, 
reconfigurable, temporal laser pulse generating and shaping 
system. The laser pulse generating and shaping system can 
be any temporal shaper common in optics, such as a shutter, 
modulator or preferably a programmable optical pulse gen 
erator. The temporally shaped pulse is delivered into an 
optical switch 4, where its power is transferred into one or 
more fibers in a multi-fiber conduit 5 (single or multi-mode 
fibers), which delivers the light into an energy delivery tool 
6 that transmits the power into the patient’s skin 7. The 
system consists of four major Sub Systems, namely, the laser 
Source 1, the temporal shaping system or optical pulse 
generator 3, the optical Switch 4 and the energy delivery tool 
6. 

0021 One example of a suitable laser source 1 temporal 
shaping system 3 is described in copending application 
Serial No. PCT/IB2004/001889, filed Jun. 1, 2004 and 
entitled “Laser Pulse Generator, portions of which are set 
forth below in connection with FIGS. 7-9 of the drawings. 
0022 FIG. 2 is a graphic representation of a temporal 
pulse shape of an optimized pulse, e.g., for skin resurfacing, 
where the initial energy is high and the tail of the pulse is of 
low energy. The initial portion of the pulse is high enough 
to create non-linear absorption processes in the tissue, 
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enabling the rest of the needed energy to be absorbed at low 
power and high absorption coefficient due to the preparation 
effected by the initial energy. The non-linear effect can be, 
e.g., excitation and absorption in the excited level, plasma 
formation or multi-photon absorption. The temporal pulse 
shape reduces the total energy needed for the process, thus 
minimizing or reducing heating of adjacent or Surrounding 
tissues. 

0023 FIGS. 3a and 3b are schematic representations of 
the two-dimensional random walk. FIG. 3a illustrates an 
overall matrix of treatment points or sites S1 through S78, 
and FIG. 3b illustrates the first six sites that are irradiated in 
the order S3, S19, S34, S50, S73 and S-71. These treatment 
points are addressed in a temporal sequence, and spatially 
randomly, in a two-dimensional random walk, one after 
another, obeying the two additional rules stated previously. 
Treatment is executed by delivering a pulse or a train of 
pulses to the first spatial point S3 at one time point and then 
switching to the next spatial point S19 using the temporal 
and spatial switch of FIG. 1. As each site is irradiated, the 
laser pulse heat is dissipated in an adjacent area Surrounding 
the irradiated site, such as the area S3' around the first site 
S3. 

0024 FIG. 4 illustrates one embodiment of the energy 
delivery tool 12 shown in FIG. 1. Here the light comes 
through a fiber having a core 36 and a cladding 38, and is 
delivered directly to the patient’s skin 39, where its passage 
through the thin (about 100 micrometers) epidermis 40 is 
narrow (e.g., 100 micrometers). The light beam then 
expands on its entry into the papillary dermis 42 where most 
of the absorption takes place, and only a small amount 
reaches the reticular dermis 44. The focused energy ablates 
a small epidermal volume at the upper part of a Volume 46. 
A vapor bubble is formed in the transfer area of layers 40 and 
42, opening a window to deepertissue 42, and the defocused 
energy heats the papillary epidermis 42, destroying parts of 
it but leaving enough healthy tissue for fast regeneration. 

0.025 FIG. 5 illustrates a modified version of the energy 
delivery tool 12 shown in FIG. 1. Here the light comes 
through a fiber having a core 46 and a cladding 47, and 
passes through a lenticular-shaped fiber end 48, creating a 
small volume 50 as the treated volume. The process is 
identical to the process described above in connection with 
FIG. 4, but the shape of the treated volume can be changed 
by the lenticular-shaped end 48. 

0026 FIG. 6 illustrates an example of an array of basic 
units like these shown in FIGS. 4 and 5, where a two 
dimensional array of fibers 21 can deliver temporally dif 
ferent optical beams 22 (each fiberat a different time), where 
the treated points are selected by the two-dimensional ran 
dom walk or random point selection obeying the additional 
two rules as described before. The distance between adjacent 
fibers 21 can be as low as 50-125 microns, and the assembly 
can assume various fiber bundle geometries. The assembly 
may combine various sizes of fibers 21, or all the fibers may 
be of equal size. The step IS size for the random walk is 
preferably more than one fiber jump in a randomly selected 
direction. 

0027. Referring now to FIG. 7, there is shown a sche 
matic representation of a flexible, reconfigurable temporal 
laser pulse generating and shaping system. The system 
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consists of three major sub-systems, namely, a CW laser 
Source 30, an optical pulse generator 40 and an amplification 
stage 50. 
0028. In one embodiment the flexible, reconfigurable 
temporal laser pulse shaper is based on a modulator, (e.g., a 
Mach-Zehnder (MZ) modulator) which is tuned to a non 
common working point, the null state. In this case one can 
generate any shape of pulses with a desired power level 
(after amplification, up to more than 10 dB higher than the 
CW case). The time width of the pulse depends on the 
modulator's bandwidth. For example, using a 2.5 Gb/s MZ 
modulator, the time width of the pulses can vary from 500 
ps to 100 LS, using other available modulators. As another 
example, using a 40 Gbis operation enables the temporal 
shaping of pulses down to about 30 ps. The MZ modulator 
is electrically fed by an electrical pulse generator. Thus, 
optical pulses can be provided with any customized shape, 
depending on the pulse generator capability, or bandwidth, 
which is today commercially available at 40 Gb/s and 
higher. 
0029. In one embodiment, the amplifier amplifies within 
the 1500 nm wavelength range. Examples of amplifiers that 
may be used include an EDFA (Erbium Doped Fiber Ampli 
fier), a Raman amplifier, or an SOA (Semiconductor Optical 
Amplifier). The first two are pumped by diodes and the third 
is directly pumped by electrical current. These devices work 
normally for amplifying CW or quasi CW lasers, but in this 
case are used to amplify pulses, and behave in a different 
way, as explained below. Special measures are taken to 
eliminate the ASE (Amplified Spontaneous Emission), 
which is a disturbing phenomenon, converting part of the 
inverted population energy into a noise-like radiation at the 
background level of the pulse. 
0030 The system can generate a variety of signals with 
different amplitude, frequency or pulse rate, rise time, fall 
time and delay time. The maximum output power of the 
pulse that can be generated can be more than 10 dB higher 
than the specification of the amplifier for CW input, due to 
the accumulation of inverted population at the laser level, in 
the amplifier. 
0031. The laser source 30 consists of, e.g., a fixed or 
tunable wavelength CW diode laser 31 of medium power, 
emitting polarized or non-polarized radiation into a fiber 41 
at exit point A. While a diode laser has been shown in FIG. 
7, it is to be understood that other types of laser sources can 
be used in specific embodiments of the present invention. In 
turn, the fiber 41 carries the light from the CW diode laser 
31 to an optical modulator 42. In the case of polarized light, 
the fiber 41 will be a PM (Polarization Maintaining) fiber 
and the modulator will be a polarizing modulator (e.g., the 
Mach-Zehnder (MZ) modulator). In the case of non-polar 
ized light, the fiber 41 will be a regular SMF fiber and the 
modulator will be an absorption modulator. In some embodi 
ments, the wavelength can be any in the visible, near IR 
(Infra Red), e.g., 800 nm, 1300 nm or 1500 nm range, and 
can be, for example, a tunable laser with model number 
3105/3106 manufactured by Agility Communications Inc. 
USA. 

0032. The optical pulse generator 40 consists of an opti 
cal modulator 42, such as an optical interferometric MZ 
modulator, fed by polarized laser light through the PM fiber 
41 and emitting light through a fiber 43 at point B. The fiber 
43 can be PM or non-PM fiber since the polarization is 
important only for the modulation by the MZ modulator 
phase. In one embodiment, a 10 Gb/s MZ modulator is used 
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with a high extinction ratio (>20 dB) having a DC bias 
option. One example of a suitable modulator is a JDS 
Uniphase modulator, part no. 21023816, 10 Gb/s Amp. 
Modulator. A waveform generator 44 feeds the modulator 42 
electrically; this arbitrary waveform generator 44 is capable 
of generating square, sine, triangle, exponential or any other 
desirable waveform. The waveform generator is supported 
by software to design the arbitrary wave, and can be 
controlled via, for example, a general purpose interface bus 
(GPIB) and RS232 protocols by a PC (Personal Computer) 
45. In one embodiment, 50 MHz square-waves, namely, 100 
MHZ sampling rate pulses, may be generated using a pulse 
generator. One example of a Suitable pulse generator is the 
8085 Arbitrary Function Generator available from Tabor 
Electronics of Israel. To prevent or limit the working point 
of the modulators from drifting, and thus changing the shape 
of a generated pulse, an optional DC bias controller 46 may 
be used to keep the modulator 42 in the OFF state. The DC 
bias controller 46 inserts a very low modulation voltage into 
the bias port without affecting the shape of the signal. Such 
a technique is used in telecommunication systems, although 
they use different working points. A DC bias controller that 
has been used successfully in one embodiment is the P/N 
Micro-MBC-1 DC bias controller, which can be purchased 
from Pine Photonetics, USA. Light exiting the optical pulse 
generator 30 is guided into the amplification stage 50. 

0033. The laser square 30 and the optical pulse generator 
40 can be combined into one unit of a self (direct) modulated 
laser, thus replacing the two units. 
0034. The amplification stage 50 is optically fed by the 
fiber 43 at point B through a splitter 51 into an optical 
amplifier 52. The light exits the amplification stage 50 
through a splitter 53 into a fiber 54, exiting at point C. The 
optical amplifier 52 can be, for example, a diode pumped, 
fiber amplifier, a SOA or a solid state amplifier. Usually 
pulse amplifiers are designed to be free of ASE, but this is 
usually not the case with CW or quasi CW fiber amplifiers, 
and ASE Suppression measures have to be taken. As an 
example of an ASE Suppression means, one can use a very 
low intensity laser light Source 56, having a wavelength 
inside the amplification range of the amplifier 52, which is 
homogenously broadened, but not the same as the wave 
length of the laser 31, as a source for "cleaning the 
spontaneous emission and creating a backward going beam, 
inserted into the amplifier 52 through the splitter or polarizer 
53. The back-propagating beam is dumped at a beam dump 
55 through a splitter or polarizer 51. 

0035 FIG. 8 is a graphic representation of pulse shapes 
at various points; here A is the CW low power shape at the 
exit of the laser, at point A of FIG. 7. Curve B shows the 
modulated light after passing through the fast modulator, 
where the modulator can assume various shapes, and here 
only a simple example is given, measured at point B of FIG. 
7. Curve C is the amplified version, measured after the 
amplifier, at point C of FIG. 7. 

0036 FIG. 9 is a graphic representation of the null point 
operation of the MZ modulator. Here, all the curves are 
measured at point B of FIG. 7. The curve D represents an 
always open MZ modulator. Curve E represents the regular 
way of modulation, having a large DC level with pulses on 
its top. Curve F represents the “clean.” without DC level 
pulses, where the DC bias controller is used to shift the 
operation point of the MZ modulator. Curve G shows (not to 
scale) the feedback loop control of the DC bias controller, 
having a small, negligible DC level. 
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0037) Systems and methods according to the present 
invention may be incorporated into a number of skin treat 
ments, such as skin resurfacing. 
0038 While particular embodiments and applications of 
the present invention have been illustrated and described, it 
is to be understood that the invention is not limited to the 
precise construction and compositions disclosed herein and 
that various modifications, changes, and variations may be 
apparent from the foregoing descriptions without departing 
from the spirit and scope of the invention as defined in the 
appended claims. 
What is claimed is: 

1. A method of irradiating human tissue with light, 
comprising 

sequentially irradiating each of a multiplicity of sites on 
said tissue with at least one optical fiber, each said site 
being Surrounded by a cooling Zone of said tissue in 
which heat from said optical pulse is dissipated by 
conduction when the site is irradiated, consecutively 
irradiated sites being non-adjacent. 

2. The method of claim 1 wherein adjacent sites are 
spaced from each other by at least one intervening site. 

3. The method of claim 1 wherein said at least one optical 
pulse comprises a train of optical pulses. 

4. The method of claim 1 wherein said optical pulse is 
applied to said tissue through an optical fiber. 

5. The method of claim 4 wherein said optical fiber is part 
of an array of optical fibers that sequentially receive optical 
pulses for application to said tissue. 

6. The method of claim 4 wherein said optical pulse is 
delivered to said tissue through a narrow neck at the end of 
said fiber so that the tissue Surrounding said narrow neck is 
undamaged to encourage tissue re-growth. 

7. The method of claim 1 wherein said optical pulse has 
a shape that is selected for a predetermined dermatological 
treatment. 

8. The method of claim 1 wherein the temporal shape of 
said optical pulse is varied for different treatments of said 
tissue. 

9. The method of claim 1 wherein said multiplicity of sites 
are irradiated sequentially by a two-dimensional random 
walk process. 

10. The method of claim 1 wherein said multiplicity of 
sites are irradiated sequentially by a two-dimensional ran 
dom point selection process. 

11. The method of claim 1 wherein each of said multi 
plicity of sites is irradiated only once. 

12. The method of claim 1 wherein said multiplicity of 
sites are irradiated one at a time. 

13. The method of claim 1 wherein said sequential 
irradiation of said multiplicity of sites is controlled by a 
temporal Switch. 

14. A dermatological laser apparatus for irradiating 
human tissue with light, comprising 

a laser Source producing an optical output, 
a pulse shaper coupled to said laser source for converting 

said optical output into optical pulses having desired 
shapes, and 

an optical delivery tool coupled to said pulse shaper for 
applying said optical pulses sequentially to a multiplic 
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ity of sites on said human tissue with consecutively 
irradiated sites being non-adjacent. 

15. The dermatological laser apparatus of claim 14 
wherein adjacent sites are spaced from each other by at least 
one intervening site. 

16. The dermatological laser apparatus of claim 14 
wherein said optical pulse comprises a train of pulses. 

17. The dermatological laser apparatus of claim 14 
wherein said optical delivery tool comprises an optical fiber. 

18. The dermatological laser apparatus of claim 17 
wherein said optical fiber is part of an array of optical fibers 
that sequentially receive optical pulses for application to 
said tissue. 

19. The dermatological laser apparatus of claim 17 
wherein said optical delivery tool delivers said optical pulses 
to said tissue through a narrow neck at the end of said fiber 
so that the tissue Surrounding said narrow neck is undam 
aged to encourage tissue re-growth. 

20. The dermatological laser apparatus of claim 14 
wherein said pulse shaper produces optical pulses having a 
shape that is selected for a predetermined dermatological 
treatment. 

21. The dermatological laser apparatus of claim 14 
wherein said pulse shaper produces optical pulses having a 
temporal shape that is varied for different treatments of said 
tissue. 

22. The dermatological laser apparatus of claim 14 
wherein said optical delivery tool delivers said optical pulses 
to said multiplicity of sites sequentially by a two-dimen 
sional random-walk process. 

23. The dermatological laser apparatus of claim 14 
wherein said optical delivery tool delivers said optical pulses 
to said multiplicity of sites sequentially by a two-dimen 
sional random point selection process. 

24. The dermatological laser apparatus of claim 14 
wherein said optical delivery tool delivers said optical pulses 
to each of said multiplicity of sites only once. 

25. The dermatological laser apparatus of claim 14 
wherein said optical delivery tool delivers said optical pulses 
to said multiplicity of sites one at a time. 

26. The dermatological laser apparatus of claim 14 
wherein said optical delivery tool delivers includes a tem 
poral Switch that controls said sequential irradiation of said 
multiplicity of sites. 

27. The dermatological laser apparatus of claim 14 
wherein said pulse shaper comprises a flexible, reconfig 
urable temporal laser pulse shaping system having the 
ability to generate various software and hardware-controlled 
temporal pulses in the same laser, where each pulse shape is 
optimized for a different dermatological treatment. 

28. The dermatological laser apparatus of claim 14 
wherein said optical pulses have a pulse duration of 10' to 
10 second. 

29. A dermatological laser apparatus comprising a laser 
light Source and a flexible, reconfigurable temporal laser 
pulse shaping system having the ability to generate various 
software and hardware-controlled temporal pulses in the 
same laser, where each pulse shape is optimized for a 
different dermatological treatment. 
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